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We consider neutral pseudoscalar, 77, and axial vector, /i(1420), mesons in the OZI-rule-respecting 
flavor basis, {(ss), -^(itit+drf)}, and suggest a scenario for their coupling to the nucleon. Within this 

■ framework, the non-strange parts of the rjN and fiA'^ couplings are modeled by means of triangular 
^— ■») ' aoTiN, and KK* (A/T,) vertices, while the strange ones partly proceed via Goldberger-Treiman 

, relations, which have been concluded solely on the grounds of current universality. The suggested 

, ^ ' model explains the observed suppression of the t^A'^ coupling with respect to the constituent quark 

' model expectations, and predicts the coupling of /i to the nucleon. 

Si 

Cf) [ I. INTRODUCTION 

. The present paper devotes itself to the study of couplings of neutral pseudoscalar and axial vector mesons, such 
' as 7y and /i(1420), to the nucleon in the OZI-rule-respecting flavor basis: {(ss), "^(^'" + dd)}- In the process, the 
fNl surprising smallness of the rjN coupling observed in various reactions finds a natural explanation. This problem has 
^ recently been revievifed in Ref. |^ . 

. In the considered framework, the (ss) components of the rj and /i(1420) wave functions, couple to the nucleon partly 
at tree-level via a Goldberger-Treiman (GT) relation that follows from the universality of the strange axial quark 
current, and partly via the gluon axial current. On the contrary, within the context of current universality, tree- level 
-y={uu + dd)N couplings are ruled out as the weak axial current does not contain the light flavors in a symmetric 
combination m. We here take a pragmatic position and mimic such vertices by means of triangular corrections. To 
be specific, we first bridge the initial -^{uu + dd) quarkonium to the meson cloud surrounding the nucleon and then 

couple the secondary mesons to universal currents. For example, the -^[uu + dd) part of the 77 wave function (to be 

<^ r. denoted by 77'') can be linked to the charged nucleon vector and axial vector currents by means of aoirN triangular 

■ vertices. Indeed, the ao meson picks up the isotriplet vector current, while tt selects the isotriplet axial one. In other 
words, we approximate {r]'^N\J^^^\N) by (777r|ao)(aoiV|A^)(7V7r|A''). Similarly, the -^{uu + dd) part from the fi state 

(to be denoted by /f) is coupled to the nucleon by means of KK* (892) {A/ J^) triangles. In due course, the couplings 
of the neutral pseudoscalar and axial vector mesons to the nucleon arise as combinations of the small fraction of 
" " nucleon helicity carried by the strange quark sea, and the small triangular vertex corrections. It is not surprising, 
therefore, that griNN appears suppressed relative to quark model predictions based on the octet Goldberger-Treiman 
relation. In this way, instead of interpreting the smallness of the rjN coupling in terms of a suppressed nucleon octet 
axial matrix element]^, we here rather reformulate this problem in terms of an enhancement of axial {ss)N couplings 
due to vertex corrections. 

A method similar in spirit to the one presented here but of different techniques is the so-called meson cloud model 
of Ref. 1^. There, the authors study the influence of the mesons surrounding the nucleon on its electromagnetic and 
weak vector form factors in terms of a nucleon wave function having a non-negligible overlap with the nucleon-meson 
scattering continuum. We here focus rather on the isoscalar axial form factor. 

The paper is organized as follows. In the next section we briefly outline the calculation scheme of r]NN and 
fi(1420)iVA^ vertices in the flavor-basis. In Sect. 3 the effective r/NN vertex is calculated from the 7rao(980)iV 
triangular vertex, while Sect. 4 contains the results on the effective fi(1420) meson nucleon-couplings associated with 
the K K* {892)Y triangle. The paper ends with a short summary. 
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^Note, that the problem of the suppression of the axial octet-nucleon coupling has been addressed in Ref. Q within the 
framework of SU(6) chiral perturbation theory to one-loop order . There, the strong dependence of the result on the A''-A 
mass splitting was revealed and the necessity for higher-order corrections discussed. 



II. THE r/(Fi)iV COUPLING IN THE FLAVOR BASIS 

The 77 wave function in the {(ss), -^{uu + dd)} flavor basis is parametrized as [Q: 

|r/) = cos 9 \ri'') - sin 9 \ri'') , 
cos6i = 0.773, sin6' = 0.634, 

77' = —^{uu + dd) , 7f — ss . (1) 
In the following we assume the pseudoscalar r]{r]')N coupling g,j(,j')NN to be patterned after the states flavor mixing 

9riNN = driiNN COS 9 — gr,^NN Sin9 , (2) 

gr^'NN = gTjiNN sin 9 + gj^sjyj^ COS 9 , (3) 

In order to obtain 5,,= at at, the pseudoscalar coupling of the 0~ strange quarkonium to the nucleon, one may exploit 
Sakurai's idea on current universality and field-current identity to relate the tree-level part of atjv to the weak 
decay constant via a Goldberger-Treiman type relation 

g^s^NN = J^ruN ■ (4) 

Here, niN and 5^ are in turn the nucleon mass and the strange axial coupling. The GT-relation in Eq. (Q) can be 
interpreted as a consequence of (ss)-pole dominance of the strange quark axial current (see Fig. 1). The net tjN 
coupling contains in addition a term, here denoted by g^sj^if^, and which is associated with the pseudoscalar ri^[GG) 
coupling, 

VjfsATAr = g'^^NN^l'I^" {p')GGUn {p)(f>ss ■ (5) 

Here, Un (p) is the nucleon Dirac spinor, G is the gluon field, G is its dual, (f>gs denotes the strange quarkonium field. 
The ?/ mass to^/ and the pion weak decay constant fj^o serve as scale parameters. In other words, griNN decomposes 
into 

gri'NN — g^^NN ~ 9^^NN ' (6) 

A rough estimate for g^jvAf can be obtained from Shore- Venziano's expression Q for g^yNN, the pseudoscalar rj' N 
coupling, 

gri'NN — g'^'^NN ~ ■ C^) 

Here, g^ij^jy = -^/irom^, gGArjv, with gaNN standing for the {GG)N coupling. With the numerical values for g^yNN ~ 
1, and g^ijjj^i = 1.67 deduced from Q after accounting for the additional factor of 1/ \/2 in their current normalizations, 
we obtain g^ij^j^ ~ 0.67. In noticing that 

^g'^'NN = 9fuu)NN + 9{dd)NN + 9fss)NN i^) 

and assuming Sj^.g ^jvAf to be flavor independent, we estimate g^sj^j^ ~ 0.4. 

On the other hands, the strange axial coupling g^ that enters the strange GT relation equals As, the genuine quark 
part of as, the fraction of nucleon polarization carried by the strange quark-gluon sea. In the notation of Ref. 0| 
is given by 

asiQ')^As-^^Ag{Q^). (9) 

In using the values of a^lO GeV^) = -0.10±0.02, a,(10 GeV2)=0.25, and A g (10 GeV2)=2± 1.3 from Ref. [§, 
one finds As = —0.02. We will consider this value as compatible with zero. In the following, g^Tf^jy; will be neglected, 
so that 

grjsNN ~ -g^s^N ~ -0-4 . (10) 



This is the quantity that we wiU keep in Eq. (^) 

In general, pseudoscalar meson- nucleon couplings, gMNN, are related to gradient couplings, Jmnn, via the well 
known equality pO[ | 

9mnn _ Imnn 
2mjv rriM 

with mjv/ standing for the meson mass. That the GT-relation from Eq. entirely originates from (strange) axial 
current universality is expressed by means of the following current-current couplings: 
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Here, (/)^» and (pf^ are the respective ss parts of the fi and rj fields, while and J-^i are the associated axial currents. 
The combination is identified with the fJ(1420)A^ contact coupling f/^NN, while 17^/2/^3 is associated with 

the gradient tj'^N coupling, i.e. one defines 

fr,-NN 9% r 9Aff! s A /1Q^ 

-± = TTT- , ff!NN = , With gA^^s. (13) 

Indeed, Eq. (^) is reproduced in inserting the first of Eqs. (|l3|) into (pi]). 

As long as at tree level the contact -qN coupling appears proportional to As rather than follows the octet GT-relation 
frigNN/mj^a = 5a/(2/i7s) of Ref . ||l^, the 77 meson can be interpreted as a "partial" strange Goldstone boson, a result 
already conjectured in a previous work [l|. Note, that the accuracy of GT-relations has been reliably proven only 
for the case of the pion-nucleon system 1 13] . The subtle reason for this situation can be understood if we note that 
mesons transporting weak interaction arc not same as such participating strong interaction. This is due to the fact 
that the electroweak gauge group SU(2)i®U(l) and the strong flavor group SU(3)f do not share, in general, common 
multiplcts. Because of that, the weak interaction is incapable to recognize the 77 meson as a particle different but a 
strange quarkonium. The mismatch between the flavor contents of strong and electroweak spin-0 mesons has been 
studied extensively, for example, in Ref. [T^ by means of F-spin breaking through the electroweak gauge symmetry. 
Using the genuine electroweak meson states from in the construction of weak nucleon-nucleon potentials is an 
interesting goal for future research as it might modify interpretation of parity violation effects in nuclei. Now, due 
to the smallness of As, the 77 and fi(1420) mesons practically decouple at tree level from the nucleon. This might 
be one of the main reasons for which a strong suppression of the rjN couplings has frequently been found over the 
years by various data analyses of 77 photo-production off proton at threshold jlj], as well as nucleon-nucleon (NN) 
and nucleon-hyperon (NY) phase shifts ||l^. Same observation applies to In the following, the strange tree level 
couplings will be of minor importance and neglected. 

Compared to grisNN, the calculation of the pseudoscalar rj'^NN coupling can not be discussed in terms of universality 
of the non-strange isosinglet axial current, as the weak axial current does not contain the light flavors in a symmetric 
combination. Therefore, no obvious GT-relation can be written for gr,iNN (see Fig. 2). 

In the following two sections we consider the ■q'^NN and fiNN vertices to proceed entirely via small but non- 
neghgible triangular loops of the type aonN in Fig. 4 , and KK*{A/T,) in Fig. 7, respectively. 



III. EFFECTIVE qNN VERTICES 

In this section we calculate the gradient and pseudoscalar coupling constants of the t] meson to the nucleon by 
means of triangular vertices involving the ao(980) and tt mesons. 

The special role of the ao(980)7riV triangular diagram as the dominant one-loop mechanism for the 77 A'^ coupling 
is emphasized by the circumstance that the ao(980) meson is the lightest meson with a two particle decay channel 
containing the 77 particle Q . 

The contributions of heavier mesons such as the isotriplet 02 (1320) tensor meson with an rjir decay channel and 
the isoscalar /o(1400), /2(1525) and /2(1720) tensor mesons with 7777 decay channels will be left out of consideration 
because of the short range character of the corresponding triangle diagrams on the one side,^ and because of the 



■^The same argument applies to the neglect of the /o(1590)77A'' triangular vertex. 



comparatively small couplings of the tensor mesons to the nucleon fljJT^l on the other side. The naoN triangular 
couplings in (Fig. 3) have been calculated using the following effective Lagrangians: 
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Cagrj^ix) = faov^—^ ^'/>i(a;)(/>7r (x) • $ao{x) (14) 

C^nn{x) = ^^^iV(x)7^75TAr(x) • a^<?.(x), (15) 

CaaNNix) = QagN N iN {x)tN (x) ■ (t>aoix) ■ (16) 

Here f-nNN and gagNN in turn denote the pseudovector TriV and the scalar agN coupling constants. We adopt for 
f-rrNN the Standard value /^tvm/^''' = 0.075 and fit gaoNN to data. The value of faon-^ — 0-44 has been extracted from 
the experimental decay width H when ascribing the total oq width to the oq — > Ty + Tr decay channel. Note that Caoij-w 
represents only a part of the full chiral Lagrangians of the aoT]Tr system constructed in Ref. IT^ j. The term containing 
the gradient rjn coupling has not been taken into account so far as we restrict ourself to Lagrangians containing a 
minimal number of derivatives to ensure convergence of the expressions. Nonetheless, through the use of a gradient 
ttN coupling, the triangular j]NN vertex vanishes in the chiral limit despite the fact that the aoTrr] vertex does not. 
In the following we will identify the nucleon Born term {TrN\N) {N\aoN) entering the diagram in Fig. 4 with the full 
amplitude T^iNij^ + N ao + TV), and parameterize it in terms of the following complete set of invariants 

T^^v(^ + N^ao + N)= Un{p') ("^i^^ ^75 + G2{k') 75) Un{p) , (17) 

where the invariant functions G'i(fc^) and G2{k^) in turn correspond to pseudovector (PV) and pseudoscalar (PS) 
types of the r^N coupling. Expressions for Gi{k^) and G2{k^) can be found in evaluating the diagrams in Fig. 4 in 
accordance with the standard Feynman rules. We here systematically consider the incoming proton to be on its mass 
shell and make use of the Dirac equation, so that 

J5'^Un{p) = mNj^UNip) , (18) 
holds. On the contrary, the outgoing proton has been considered to be off its mass shell with 

i!,i>'UN{p) ^i5{^ + ^)Un{p) = TTiNid^Nip) + i4^n{p) ■ (19) 

The final result on Gi{k^) obtained in this way reads: 

ci{x,y,k'^) 



Gi(fc2) = C / f dydxx 
Jq Jq 



2{mN, m^, mao,x, y, k"^) 



ci{x, y, k^) = -^2^(1 - y)mNm^ 
3 -■^'^ 



8^2 

The corresponding expression for G2{k^) reads 

C2{x,y,k 



G = -— 5- ^^^-^ -UNNfaoVT^daoNN ■ (20) 



G2{k^) f f dydxx- 
Jq Jo 



Z{mN,rn^,ma„,x,y,k'^) ' 
C2{x,y,k'^) ^ ~x{l- y)ml; . (21) 

The function ZItjib, m-i, ^12, x, y, k^) appearing in the last two expressions is defined as 

Z{mB, mi, TO2, X, y, k^) — mj^x^{l — y)"^ + x^yk^ + m\{l — x) + {fn\ — k^)xy 

+ {ml - m%)x{l - y) . (22) 

The remarkable feature of the analytical expressions for the pseudoscalar and pseudovector -qN couplings is that 
they are given by completely convergent integrals and depend only on the ao — » ■n+rj decay constant and the respective 
pion and ag meson-nucleon couplings. The sources of uncertainty in the parameterization of the effective rjNN vertex 
by means of the triangular ao(980)7rA^ diagram are associated with the ao(980)A^ coupling constant and the r(r/7r) /r*°* 



branching ratio. For exa mple, the couphng constant gagNN varies between w 3.11 and w 10 depending on the NN 
potential model version [|l^,|8|. Because of that we give below the values for the gradient and pseudoscalar rjN 
couplings following from the gqttN triangular rjN vertex as a function of the agN coupling constant: 

\Gi{k^ =ml)\ = 0.06 gaoNN, \G2{k^ = ml)\ = 0.22 ga^NN ■ (23) 

There are the quantities in Eqs. ( |20| ) and ( pl| ) which we shall interpret as the effective pseudovector and pseudoscalar 
rj'^N coupling constants, respectively, 

cos9f^%^ik^) = Gi{k^) , cose gf,^^{e) = G2{e), k' = m^. (24) 

In combining the last equation with (H), and (p^, one finds the following expression for the rjN coupling: 

gr,NN = 0.22ga,NN + 0.635^.^^ « 0.22gaoNN + 0.25 . (25) 

In using four different values for gagNN/^'^ reported in ^7^, jl^, we calculate g^ArAr/47r in Table 1. Our analyses suggest 
for the pseudoscalar rjN coupling small but non- vanishing values. In comparing our predictions to data, we rely upon 
Refs. |lj]. There, Tiator et al. interpreted the high-precision MAMI measurement of the differential cross sections in 
rj photo-production off-proton near threshold in terms of the strongly suppressed g,^NN value of S^TVAr/^"" ~ 0-4- This 
result was concluded from the small P wave contribution to the almost flat angular distributions for a wide range of 
beam energies. Note, that a larger value for gr/NN has been extracted from total pp cross sections in using dispersion 
relation techniques p9| . However, the latter procedure is endowed with more ambiguities than the straightforward 
calculation of the angular distributions from Feynman diagrams presented in Ref . |lj] . 

From Eq. (|l^) one sees that the triangular aonN correction to the r]NN vertex represents a mixture |2^] of 
pseudovector (PV) and pseudoscalar (PS) types of rjN couplings. This mixing is quite important for reproducing 
the form of the differential cross section for 77 photo-production off proton at threshold in Fig. 6. Note that such a 
mixing cannot take place for Goldstone bosons because their point-like gradient couplings to quarks are determined 
in a unique way. On the contrary, in case of extended effective meson-nucleon vertices, such a mixing can take place 
by means of Eq. (p^. However, the PV-PS separation is model dependent and can not be interpreted as observable. 
Data compatibility with the PV-PS mixing created by the na^N triangular correction to the rjNN vertex is a further 
hint on the non-octet Goldstone boson nature of the 77 meson ^ Finally, in estimating the rj' nucleon coupling in 
terms of Eqs. (|), (|lOl), (H), and (||) we find 

g,j'NN = 0.22gaoNN + cos6'.g£jvAr ■ (26) 

cos (7 

For the 77-77' mixing angle oi 9 ~ 39.4° and the maximal value of gaoNN ~ 9.24, one finds grj'NN ~ 1-41 and in 
agreement with the estimate of Ref. Q. Thus in simulating the anomalous "^(^u + dd)N coupling by the triangular 
uottN vertex we are able to explain the smallness of both the 77' and 77iV couplings. 



It should be noted that the analytical expressions for the t^A'^ couplings in Eqs. (|l|) and (|^ differ from those obtained in 
[0 where the ambiguity in treating the off-shellness of the outgoing proton was not kept minimal. 

TABLE I. The dependence of the r^N coupling on gagNN following from Eq. (24) 
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^aQNN 

477 


0.77 


1.075 


3.71 


6.79 


2 

47V 


0.07 


0.09 


0.24 


0.41 



In the present calculation, the on-shell approximation p - k = —p' ■ k = — m^/2 was made only in evaluating the denominators 
of the Feynman diagrams, whereas in the nominators was consequently replaced by |i' = 1^+ ^. In contrast to this, in [|l^ the 
above on-shell approximation was applied to the nominators too and, in addition, terms containing j^' have been occasionally 
interpreted as independent couplings. Through the improper treatment of the off-shellness of the outgoing proton in [jlO|, 
logarithmically divergent integrals have been artificially invoked in QnNN- 



IV. EFFECTIVE Fi(1420)iV7V VERTICES 



The internal structure of the axial vector meson fi(1420) is still subject to some debates (see Note on fi(1420) in 
) . Within the constituent quark model this meson is considered as the candidate for the axial meson (ss) state and 
therefore as the parity partner to </> from the vector meson nonet. The basic difference between the neutral 1~ and 
1^ vector mesons is that while the physical u and (j) mesons are almost perfect non-strange and strange quarkonia, 
respectively, their corresponding parity partners fi(1285) and fi(1420) are not. For these axial vector mesons strange 
and non-strange quarkonia appear mixed up by the angle e « 15° (compare Ref. |2l|| ): 

|/i(1285)) = - sine {\ss))+ cos e^{\uu + dd)) , (27) 

v2 

|/i(1420)) = cos e(|ss)) +sin e^(|?2M + Jd)) , e w 15° . (28) 

Therefore within this scheme the violation of the OZI rule for the neutral axial vector mesons appears quite different 
as compared to the pseudoscalar mesons. If one had to re- write the rj wave function to the form of Eq. (|2^), one 
had to use e « (^ -I- 39.3°). In general, as compared to pseudoscalar mesons, the axial vector meson sector respects 
better the OZI rule. This situation is often discussed in terms of significant glueball presence in the vector meson 
wave functions and as the consequence of the U(l)^ anomaly p^ . On the other side, the fi(1420) meson seems 
alternatively to be equally well interpreted as a K*K molecule ]23(|. The coupling of this meson to the nucleon is not 
experimentally well established so far. The only information about it can be obtained from fitting NN phase shifts 
by means of generalized boson exchange potentials of the type considered in Refs. ||l^,|I^. There, one finds that the 
coupling \gfiNN\ ~ 10 to the nucleon of an effective fi meson having same mass as the fi(1285) meson is comparable 
to the LuN coupling. Below we demonstrate that couplings of that magnitude can be associated to a large amount 
with triangular diagrams of the type KK*Y with F = A, S. 

To calculate the KK*Y triangular coupling in (Fig. 7) we use the following effective Lagrangians: 

2 2 

C^KK^ix) = ff.KK' ""^^ ~ ""^ K\x)K*{xYh{x)^, + h.c. , (29) 

rriK 

Ckyn{x) = gKNY i Y{x)^5N{x)K{x) + h.c, (30) 
Ck'Yn{x) = -9k^ynN{x){^^'K*{x)^ + ^ af^''d,K*ix)^)Y{x) + h.c. (31) 

Here, qkny stands for the pseudoscalar coupling of the kaon to the nucleon- hyperon {Y) system, gK*NY denotes the 
vectorial K*NY coupling, qk'NY mN+niY ^^"^ tensor couphng of the K* meson to the baryon, K*{x)^, and fi(a;)^ 
in turn stand for the polarization vectors of the K* and fi mesons, K{x) is the kaon field, while N{x) and Y{x) are 
in turn the nucleon and hyperon fields. 

A comment on the construction of the effective Lagrangian Cf-^KK' is in place. Ogievetsky and Zupnik (OZ) HJ] 
constructed a chirally invariant Lagrangian containing no more than two field derivatives to describe the dynamics of 
the ai(1260)p(770)7r system. Exploiting the fact that these mesons have the same external quantum numbers J^^ 
as the respective fi(1420), K*, and K mesons, the OZ Lagrangian might serve as a model for the iiK*K system. 
However, the calculation shows up UV-divergent integrals which are to be maintained by additional cut-offs, i.e. by 
introducing form factors at both the KYN- and fC*yiV- vertices [^. This inconvenience makes the Lagrangian choice 
according to less attractive than the present one given above by Eq. (p9|). 

We adopt for the coupling constants the values implied by the Jiilich potential p5| 

2 2 

= (-0.952)^ ^pMI = (_i.588)2 , kv = ^.b . (32) 
47r 47r 

The value for ff^KK' = 1-97 has been extracted from the experimental r^'j^._,_^^ width of 17 MeV |^ and are 
compatible with the size of the corresponding GT relations for kaons. In identifying now the hyperon Born term 
{KY\Y){Y\K*N) entering the effective fiiViV vertex with the full amphtude Tf^N{K + N ^ K* + N), we expand 
the latter into the complete set of the following invariants 

Tf.NiK + N^K* + N)^ Un{p') (Piie) 7 • + ^^^^ 7 ' e/i757 • k 



^ ^ . , ^4(fc^) 



p-e-filbl-k + — p- ef^-f5)uNip) ■ (33) 

TTlM I 



It will become clear in due course that the vector part of the K*NY coupling contributes only to the F2(fc^) and 
Fn{k'^) currents in Eq. (js^). All the remaining terms are entirely due to the K*NY tensor coupling. For small external 
momenta, i.e. when ^'U]y{p) « m]^hl]\[{p), the number of the invariants reduces to three as the first term in Eq. ( |3^ ) 
can be approximated by the following linear combinations of the -P^l^^) 8.iid F^(k'^) currents: 

mMUN{p')lb^lfiUN{'P) = -P' ■ kUN{p)-f5jf_,UN{p) +p'UN{p)lb ^l^Nip) ■ (34) 



One can make use of the approximation of Eq. ( p4| ) to estimate Fi(}P), the only invariant function which cannot 
be deduced in an unique way from the triangular KK*Y diagrams because of the (logarithmically) divergent parts 
contained there. 

The invariant functions Fi{k'^) are now evaluated by means of the diagrams of momentum-flow in Fig. 5 in using 
the techniques of the previous section. The various fiA^ couplings can then be expressed in terms of the integrals 

= TTT^ffiKK'gKYNgK'YN [ xdxf dyBi{k'^) . (35) 
loT^ Jo Jo 



The only divergent analytical expression is the one for Bi(k^) 

Bi(k ) = 2k — — m.]y(xmY ~ 2m]y) — 

rrifc Z 

„ rni — m\, 1 
+ Rk^^ —{xy + (1 - x){%xy + x~ 6))- , 

TTLK Z 



-m%. ^^ Z{mY,mK,AK*,x,y,P)Z{mY,AK,mK',x,y,k'^) ^^^^ 
rriK Z{mY,mK,mK',x,y,k^)Z{mY,AK,AK*,x,y,k^) ' 

All the remaining invariants are convergent and given below as 

mi — m\, 1 

B2(fc2) = m/jK(my(-a;2y(l - y) + ixy - 3a; + 2) + xyruN) + (1 - a;(l + y))]- , 

rriK Z 

m?f — mi^, „ 1 

B3(fc2) = -Rmf.mN^ ^((1 - y){x\l + 3y) - 3x) + 2) - , 

rriK Z 

„ m? — mj^, 1 

Biik^) = -2mN^ —Ml - y) - 1)(1 + fimNx{l - y)) + Kmyx(l + y)] - , 

nriK Z 

Z = Z{mY,mK,mK',x,y,k'^) . (37) 

The numerical evaluation of the expressions in the last two equations leads to the following results: 

Fi{k^ =m\)^ -8.56, F2(fc2 = mjj = 6.83, 
F^{P = = -3.77, F4(fc2 = m\) = -2.03, 

TO/i = 1385.7 MeV. (38) 

In the spirit of Eqs. ^ and (p^, we here identify Fi(mjJ with ff^NN sine. These results show that all the couplings 
in Eq. (33) are noticeable and have to be taken into account in calculating r] and fi meson production cross sections. 
Note, however that recent analyses of data on electromagnetic strangeness production performed in |2^ revealed a 
surprising suppression of the K*YN vertices. Using the vertex constants from |26| would reduce the size of the fiA^ 
couplings by at least an order of magnitude. 



V. SUMMARY 



We developed a scenario for rjNN and iiNN vertices, where the non-strange -^{uu+dd) quarkonia from the mesons 

wave functions were coupled to the nucleon by means of triangular vertex corrections, while the {ss)N couplings were 
of Shore- Veneziano's type. We used phenomenological Lagrangians containing minimal number of derivatives to 
construct effective r]N and fiiV coupling strengths beyond the tree level in terms of triangular a^nN , and KK*{K/Y?) 
diagrams, respectively. We found all kinds of effective couplings (up to one) to be determined by divergenceless 



expressions. Despite that the loop corrections dominate the tree-level ones, the net effect is a significant suppression 

of the couplings considered relative to quark model predictions. Remarkably, the rjN and rj' N couplings were found to 
be of comparable size, opposite to quark model predictions and in line with data. To be specific, the triangular uoTtN 
vertex revealed itself as a successful eff'ective mechanism for the ■q'^N coupling and led to a satisfactory explanation 
of the smallness of both QrjNN and Qri'NN- 
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Fig. 1 Universality of the strange axial quark current and Goldberger-Treiman ssN coupling. 
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Fig. 2 Violation of current universality by the non-strange isosinglet axial current. 
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Fig. 3 Coupling isosinglet 0~ non-strange quarkonium to the nucleon via triangular loops. 
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Fig. 4 The triangular r]NN vertex. 



a 




Fig. 5 The flow of momentum. 
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Fig. 6 Differential cross section for -q photo-production off proton at lab energy of 724 MeV as calculated within the model 
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of Tiator, Bennhold and Kamalov [Q. The dotted and dash-dotted lines correspond to (?^jvjv/47r taking the values of 0.4 and 



1.1, respectively. The full line corresponds to the re-examined aoivN triangular coupling with g^gNN 
taken from Krusche et al. [Q. 
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Fig. 7 The triangular /i(1420)iViV vertex. 



